The defatted seed of Camellia oleifera Abel is an underexploited byproduct. In the present study, 3 solvents (isopropanol, hexane, and diethyl ether) were used to extract active compounds from defatted seeds of Camellia oleifera Abel. The qualitative and quantitative characterization of the main phenolic compounds were performed using the HPLC-DAD. In addition, the antioxidant efficacy of defatted seed extracts in the stabilization of the corn oil was estimated by monitoring its primary and secondary oxidation products. The results showed that isopropanolic extract (IE) exhibited the highest yield of total phenolic compounds (9.23 ± 0.33 mg/g) compared with other solvents. The predominant phenolic compounds identified by HPLC-DAD in defatted seed extracts were epicatechin, naringenin, and catechin. In addition, IE exhibited the best inhibition effect on both primary and secondary oxidation products. The results reveal that IE of defatted seed of Camellia oleifera Abel is a useful antioxidant for the stabilization of corn oil.
Introduction
Vegetable oils, which are currently the preferred cooking medium, are beneficial and popular due to their cholesterollowering effects. However, they are more susceptible to oxidation than animal fats, which predominantly contain saturated fatty acids and thus do not react readily with other chemicals, especially oxygen [1] . The oxidation of lipids limits the shelf life of many products; moreover, some oxidation products are potentially toxic [2, 3] .
Many methods have been employed to overcome lipid oxidation. These include the use of low-temperature storage to slow down the oxidation process, advanced packaging technologies to exclude oxygen and light, and antioxidants [4] . Addition of synthetic antioxidants, such as butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), and tert-butylhydroquinone (TBHQ), is one of the most effective and popular methods to prevent oxidation and the development of off-flavors (Halliwell and Gutteridge, 1985) . However, recent reports have revealed that these compounds may be associated with certain health risks, including carcinogenesis (Hou, 2003; Prior, 2004) . Therefore, the use of TBHQ for food application is banned in Japan, Canada, and Europe. Similarly, BHA has been removed from the generally recognized as safe (GRAS) list of compounds (Farag, Badei, and El Baroty, 1989) .
It should be noted that oxidation is prevented in living organisms due to a number of endogenous factors, including enzymes, natural antioxidants, and chelators of metal ions [5] . Thus, there has been an increasing trend among food scientists to replace synthetic antioxidants with natural ones, which can be obtained from a wide variety of plant sources, including mustard flour [6] , canola meal [7] , garlic [8] , old tea leaves [9] , rice bran [10] , wheat bran [11] , and peanut hulls [12] .
Camellia oleifera Abel is an evergreen shrub or small tree in the Camellia family. China is the world's largest Camellia oleifera Abel producer with 4 million hectares of Camellia oleifera Abel forest [13] . The seeds of Camellia oleifera constitute an important oil source that is extensively used to produce a specific type of cooking oil (tea oil), whose beneficial unsaturated fatty acids are comparable to those of olive oil. Four times more seed cake will be produced than tea oil. The defatted seed of Camellia oleifera is a substantial byproduct that is normally used as animal feed, organic fertilizer, or detergent due to its rich concentrations of polyphenols, saponins, proteins, and polysaccharides [14] . Although some studies have examined the antioxidant properties of Camellia oil, there are few reports on the efficiency of seed cake extract of Camellia oleifera in inhibiting corn oil peroxidation.
The objectives of this study were to extract active compounds from defatted seed of Camellia oleifera Abel using different solvents (isopropanol, hexane, and diethyl ether) and examine the antioxidant potential of the extracts using Folin-Ciocalteu assay. In addition, the predominant phenolic compounds of seed cake extracts were identified using HPLC-DAD. The primary and secondary oxidation products of corn oil were monitored by using the peroxide value (PV), anisidine value (AV), conjugated dienes (CD), and thiobarbituric acid reactive substances (TBARS) values.
Methods

Materials and Chemicals.
Butylated hydroxyanisole (BHT), Folin-Ciocalteau reagent, 2,4,6-tris(2-pyridyl)-1,3,5-triazine (TPTZ), and -anisidine and thiobarbituric acid (TBA) were purchased from Sigma-Aldrich Chemical Co. (Milwaukee, WI, USA). Phenolic acids, gallic acid, coumaric acid, catechin, epicatechin, chlorogenic acid, epicatechin, rutin, ferulic acid, naringenin, and kaempferol acid were obtained from Merck Darmstadt, Germany. Defatted seed was obtained from Dongguan Chengfu Trade Co., Ltd. (Dongguan, Guangdong, China). The refined edible corn oil without any synthetic antioxidants was obtained from a local store in Hainan. All other chemicals were of analytical grade unless otherwise mentioned.
Preparation of Seed Cake Extracts.
The seed cake extracts (SCE) were prepared according to the method of Iqbal and Bhanger [8] with some modifications. The defatted seed of Camellia oleifera Abel was dried in an oven at 55 ∘ C until the moisture content was less than 10% (w/w). The dried defatted seed was ground until it could pass through a 1 mm sieve. Then, 50 g (dry basis) of seed powder was extracted into 250 mL solvent (isopropanol, hexane, or diethyl ether). The slurry was incubated at room temperature in a vibration cultivating box at 180 rpm for 2 h, and the extracts were sonicated at 60 ∘ C for 2 h. The extracts were filtered using filter paper, and the residue was again extracted with 200 mL of each solvent. The procedure was repeated thrice to ensure that the phenolic compounds were completely extracted. Next, the solvent of the filtrate was removed using a rotary evaporator at 40 ∘ C under reduced pressure. The products were weighed to calculate the yield and were stored under nitrogen prior to further analyses.
Determination of Total Phenolic Compounds.
The total phenolic content of the samples was determined using the Folin-Ciocalteau method [15] . Briefly, each individual extract (0.1 mL) was diluted to 1 mL with distilled water, and 0.5 mL of Folin-Ciocalteu reagent and 2 mL of Na 2 CO 3 solution (7.5%, w/w) were added. The solutions were mixed thoroughly and incubated at 40 ∘ C for 30 min. The absorbance was detected at 765 nm on a Perkin-Elmer Lambda-2 Spectrophotometer with a 1 cm cell. Gallic acid was used as a standard, and the results were expressed as gallic acid in terms of milligram gallic acid equivalents in every gram of dried SCE. The reaction was conducted in triplicate, and the results were averaged.
Identification of Phenolic Compounds Using HPLC-DAD.
The phenolic compounds of defatted seed extracts were identified using the HPLC-DAD method as reported by Chirinos et al. [16] . HPLC analysis was performed using Shimadzu LC-20A pumps with a diode array detector (DAD), and chromatographic separations were performed on a Phenomenex C18 column (250 mm × 4. 
Ferric Reducing Antioxidant Power (FRAP) Assay.
The FRAP assay was conducted according to Benzie and Strain (1996) with some modifications. The working FRAP reagent was freshly prepared by mixing 25 mL acetate buffer (300 mM, pH 3.6), 2.5 mL TPTZ solution (10 mM), and 2.5 mL FeCl 3 ⋅6H 2 O solution (20 mM). The mixture was kept at 37 ∘ C before use, and a reagent blank reading was taken at 593 nm. SCE (100 L) were allowed to react with 2.85 mL FRAP solution for 30 min in the dark, and the absorbance was read at 593 nm. The Trolox was used as the standard, and the standard curve was linear between 25 and 800 M Trolox. The results were expressed in mM Trolox equivalent antioxidant capacity (TEAC)/g dried SCE. Additional dilutions were needed if the measured FRAP value was over the linear range of the standard curve.
Measurement of Peroxide Value (PV), Conjugated Dienes (CD), Anisidine Value (AV), and Thiobarbituric Acid Reactive Substances (TBARS).
The antioxidant activity of the collected SCE extracts (IE, NE, and DE) on corn oil was evaluated using the PV, CD, AV, and TBARS values. PV was determined according to the iodine colorimetry reported by AOAC. The extracts of SCE and the synthetic antioxidant were dissolved in a minimum amount of absolute methanol and added to 100 g corn oil after mixing for 10 min to achieve different concentration of 0.25% and 0.5% (w/v) for SCE and 0.02% (w/v) for BHT. After being stored for different times, samples (5 g) were dissolved in 30 mL of acetic acid/chloroform (3 : 2, v : v) solution, with the addition of 0.5 mL of a saturated solution of potassium iodide and a 1% starch solution as an indicator. The mixture was allowed to stand for 1 min and then 30 mL of distilled water and 0.5 mL of 1% starch were added. The liberated iodine was titrated with a sodium thiosulfate solution (0.1 mol L −1 ) until the blue color disappeared. A blank test was also conducted under the same conditions as described with the samples. The peroxide value was calculated as follows:
where is the volume (mL) of the standard volumetric sodium thiosulfate solution used for the blank test, is the volume (mL) of the standard volumetric sodium thiosulfate solution used for the sample titration, is the normal concentration of the standard volumetric sodium thiosulfate solution used, is the correction factor, and is the mass of the sample (kg).
The -AV of the samples was measured using a spectrophotometer [3] . PV and AV, which were used as indicators for the primary and secondary oxidation of the corn oil, were determined at 4, 8, 16, 24, 32, 48, and 72 h, and all treatments were carried out three times.
CD value was determined according to the method of Shahidi et al. [2] . The absorbance of the samples was determined. Each sample (10 mL) was thoroughly mixed with 10 mL isooctane. The absorbance was read at 234 nm after samples had been stored for 0, 1, 2, and 3 days. Pure isooctane was used as a reference. The CD value, expressed as percentage of conjugated dienoic acid, was calculated according to the equation below:
where CD is conjugated diene, is absorbance at 234 nm, is concentration (g/100 ml), and is path length (cm).
The TBARS values of the samples were tested and analyzed over 0, 1, 2, and 3 d periods as described by Shahidi et al. [2] with some modification. Briefly, each sample (200 mg) was weighed accurately and transferred into a centrifuge tube to which 5 mL of 1-butanol TCA was added and vortexed at a high speed for 2 min. A quantity of 5 mL aqueous solution of TBA (0.02 M) was then added to each centrifuge tube, which was then vortexed for an additional 30 s. The samples were then centrifuged at 3,000 ×g for 10 min, and the supernatants were filtered through Whatman #3 filter paper. The tubes were placed in a water bath at 95 ∘ C for 120 min and cooled to room temperature. The absorbance value of solutions was read at 532 nm. The TBARS value was calculated according to the equation below:
where is absorbance at 532 nm and is the mass of the sample.
Results and Discussion
Extraction of Phenolic Compounds.
Total extractable compounds (TEC), total phenolic compounds (TPC) using different solvents, and the proportion of TPC in TEC are shown in Table 1 . It is clear that the extraction abilities of isopropanol, normal hexane, and diethyl ether used for the extraction of the COC were significantly different ( < 0.05).
In general, the TEC of IE, NE, and DE were 180.1 ± 1.78, 123.3±2.35, and 95.7±1.39 mg/g, respectively. The result suggested that TEC depended on the extraction medium, which is consistent with results reported by Shahidi et al. [2] . The TPC contents of IE, NE, and DE from COC had the same trend as did the experimental results of TEC. The results showed that IE contained the highest amount of TPC (9.23 ± 0.33 mg/g), followed by NE (6.45 ± 0.61 mg/g) and DE (3.86 ± 0.48 mg/g). The relationship between the total extractable compounds and their total phenolic compound content was represented in percentages of TPC/TEC. The total phenolic content found in the total extractable compounds ranged from 40.33 to 52.31 mg/g. The amount of TPC observed in camellia oil cake extracts was greater than that observed in corn tassels (0.16%), banana peels (0.91%), and rice bran (3.86%) [17] [18] [19] .
Identification of Phenolic Compounds Using HPLC-DAD.
The phenolic compounds in defatted seed extract were identified and quantified by HPLC-DAD method [20] . All samples were monitored at 280 nm, and their spectra are shown in Figure 1 . As shown in Figure 1(a) , peaks 1∼9 reflected nine types of phenolic acid standards: gallic acid, coumaric acid, catechin, chlorogenic acid, epicatechin, rutin, ferulic acid, naringenin, and kaempferol acid, respectively. The spectra of phenolic compounds of IE, NE, and DE are shown in Figures 1(b), 1(c), and 1(d) , respectively. The species and content of the phenolic compounds of IE, NE, and DE are shown in Table 2 . As shown in Figure 1 , there were three main phenolic compounds (epicatechin, naringenin, and catechin) in seed extracts. Epicatechin was one of the most predominant phenolic compounds, contributing approximately 8.64± 0.03 mg/g in IE and 9.32 ± 0.12 mg/g in NE. However, no epicatechin or naringenin was detected in DE or NE (Table 2) . Naringenin and catechin in IE contributed approximately 2.71 ± 0.05 and 4.00 ± 0.04 mg/100 g dried SCE, respectively. 
Total Antioxidant
Power. The ferric reducing antioxidant power (FRAP) assay is often used to determine the antioxidant power on the basis of their electron-donating ability [21] . The principle of the FRAP assay is that the electrons donated from antioxidants (defatted seed extracts) are capable of reducing ferric ions (Fe 3+ ) to ferrous ions (Fe 2+ ). Through the standard curve of the ferric reducing antioxidant power, the total antioxidant powers of BHT and the three extracts are shown in Figure 2 . BHT is one of the most effective and popular antioxidants used in the food system. As reported, BHT is not the most suitable reference in FRAP evaluation when compared with that of other synthetic antioxidants. However, BHT was usually used as the positive control in FRAP evaluation and showed good FRAP values [22] [23] [24] [25] ( Halliwell and Gutteridge, 1985) . Data presented in Figure 2 showed that the FRAP values of the three defatted seed extracts were significantly ( > 0.05) different. IE has the highest FRAP values (3.29 ± 0.12 mM TEAC/g dried SCE) compared with NE (2.26 ± 0.19 mM TEAC/g dried SCE) and DE (0.89 ± 0.15 mM TEAC/g dried SCE). According to the result of the HPLC-DAD measurement (Table 2) , three main phenolic compounds were epicatechin, naringenin, and catechin. In addition, no significant ( > 0.05) difference between the FRAP values of IE and BHT (3.63 ± 0.21 mM TEAC/g dried SCE) was observed, which suggested that IE could be potentially employed as a substitute for synthetic antioxidants in the food system.
Peroxide Value (PV).
During the storage of corn oil, a series of free radical chain reactions occurred, which resulted in a great number of oxidation compounds. The antioxidant effects of phenolic compounds of SCE were assessed using the peroxide value (PV) to determine the primary oxidation products [26] . Hydroperoxides are the primary oxidation products of lipid oxidation, and their content is often used as an indicator for the initial stages of oxidation. The effect of SCE and BHT on the development of PV of corn oil during storage at 50 ∘ C is shown in Figure 3 . PV in all samples increased as the storage time was extended. This result may be attributed to the formation of hydroperoxides during primary oxidation processes. At all stages, highest PV was observed for the control sample, followed by DE-250, DE-500, NE-250, NE-500, IE-250, IE-500, and BHT. The result suggested that, to some extent, PV depends on the category rather than the concentrations of antioxidants. As shown in Figure 3 , PV of the control increased to 10.67 ± 0.13 meq/kg after 72 h of storage. Significant differences ( < 0.05) were found between the control and other oil samples to which IE, NE, DE, or BHT was added, thus revealing the good antioxidant efficacy of the antioxidants in stabilization of corn oil. The synthetic antioxidant BHT showed a lower PV (5.17 ± 0.08 meq/kg) relative to the other tested samples. IE and NE extracts were found to be more effective (with less PVs) than DE that had higher PVs.
For concentration, lower PVs were obtained when the extract concentrations were high (NE, DE, and IE). IE500 showed the best effect in lowering peroxide formation compared with the other samples. IE500 gave a PV of 6.28 ± 0.12 meq/kg at 72 h, whereas the corresponding values of the control sample were 10.67 ± 0.13 meq/kg. DE250 demonstrated the worst effect and gave a PV of 9.76 ± 0.31 meq/kg at 72 h. From the analysis above, we may conclude that extracts from defatted seed at 0.25% and 0.5% (w/v) concentrations were effective in stabilization of corn oil during storage at 50 ∘ C and that defatted seed extracts at higher concentrations were better at inhibiting corn oil oxidation in the initial stage. IE displayed the best antioxidant activity among the three solvent extracts, which is consistent with the results of FRAP.
Conjugated Dienes (CD)
Values. CD value is also a good indicator of oxidative deterioration of oils in the initial stages, and it may thus also be a good indicator of the effectiveness of antioxidants [27] . Table 3 indicates that CD of corn oil with defatted seed extracts and BHT varies after storage for 0, 24, 48, and 72 h at 50 ∘ C. The CD values of all samples increased with storage time, which may reflect the lipid oxidation process. The control sample exhibited the highest CD value in all storage stages and showed a sixfold increase after 72 h (12.10± 0.64%), relative to the initial period (2.15 ± 0.49%). High values of CD may be related to the presence of higher contents of polyunsaturated fatty acids in the oil samples [8] (Liu and White, 1992). Compared to the control, the CD values of the corn oil samples containing defatted seed extracts or BHT showed lower increase during the same storage period. After storage for 72 h, the lowest CD was observed for BHT sample (5.58 ± 0.30%) followed by IE (7.05 ± 0.33%), NE (8.71 ± 0.39%), and DE (10.83 ± 0.40%). The CD results were consistent with the measures of PV.
Secondary Oxidation Products Determination.
In this study, secondary oxidation products were assessed using thiobarbituric acid reactive substances (TBARS) andanisidine value ( -AV). TBARS is the most widely used method for measuring secondary oxidation products, which may contribute to the off-flavor of oxidized oil. As shown in Table 3 , TBARS for all samples increased gradually as the storage period was extended (0∼72 h). As observed for the primary oxidation product (PV and CD values), the control showed the highest level of TBARS at all storage times, and the values for the samples treated with extracts and antioxidant were significantly lower than those of the control. The TBARS of IE stabilized corn oil increased from 0.30±0.12 to 1.08 ± 0.46 mol/g oil. This was lower than that of NE and DE samples (1.48 ± 0.47 and 1.67 ± 0.28 mol/g oil, resp.) but higher than that of BHT sample (0.77 ± 0.22 mol/g oil) after 72 h. These results suggested that the antioxidant activity of the defatted seed extracts and synthetic antioxidant was in the following order:
The -AV is also useful for assessing oil at the secondary stage of oxidation. The -AV of corn oil samples stabilized by defatted seed extracts and BHT during different storage times is shown in Figure 3(b) . As shown in Figure 3(b) , across all storage times, the highest -AV was observed for controls, followed by DE, NE, and IE, indicating that IE and NE were more effective than DE. Relative to BHT, the phenolic extracts obtained from defatted seed extracts seemed to be less effective in inhibiting secondary products. In addition, -AV decreased as the concentration of extracts increased. These results suggested that defatted seed extracts with certain concentration ranges could effectively improve the stabilization of corn oil.
Conclusion
Three solvents (isopropanol, hexane, and diethyl ether) were used to extract active compounds from defatted seeds of Camellia oleifera Abel. The results showed that isopropanolic extract (IE) exhibited the highest yield of total phenolic compounds (9.23±0.33 mg/g), followed by normal hexane extract (6.45±0.61 mg/g) and diethyl ether extract (3.86±0.48 mg/g). Three predominant phenolic compounds (epicatechin, naringenin, and catechin) from the defatted seed extracts were identified using the HPLC-DAD method. In addition, the antioxidant efficacy of IE, NE, and DE has been estimated in stabilization of corn oil by monitoring the primary and secondary oxidation products of oil. The peroxide value (PV), anisidine value (AV), conjugated dienes (CD), and thiobarbituric acid reactive substances (TBARS) each indicated a similar trend in the antioxidant activity of the three extracts: IE > NE > DE. The results revealed that IE of defatted seed of Camellia oleifera Abel is a useful antioxidant for the stabilization of corn oil.
Additional Points
Practical Applications. The seeds of Camellia oleifera constitute an important oil material that is extensively used to produce a specific type of cooking oil (tea oil), whose beneficial unsaturated fatty acids are comparable to those of olive oil. Tea oil is a good raw material for industrial use and is used to manufacture soap, margarine, hair oil, lubricants, and paint and in the syntheses of other high-molecular weight compounds.
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